SUMMARY
The origins and lifeways of the inhabitants of Rapa Nui (Easter Island), a remote island in the southeast Pacific Ocean, have been debated for generations. Archaeological evidence substantiates the widely accepted view that the island was first settled by people of Polynesian origin, as late as 1200 CE [1] [2] [3] [4] . What remains controversial, however, is the nature of events in the island's population history prior to the first historic contact with Europeans in 1722 CE. Purported contact between Rapa Nui and South America is particularly contentious, and recent studies have reported genetic evidence for Native American admixture in present-day indigenous inhabitants of Rapa Nui [5] [6] [7] [8] . Statistical modeling has suggested that this genetic contribution might have occurred prior to European contact [6] . Here we directly test the hypothesis that the Native American admixture of the current Rapa Nui population predates the arrival of Europeans with a paleogenomic analysis of five individual samples excavated from Ahu Nau Nau, Anakena, dating to pre-and post-European contact, respectively. Complete mitochondrial genomes and lowcoverage autosomal genomes show that the analyzed individuals fall within the genetic diversity of present-day and ancient Polynesians, and we can reject the hypothesis that any of these individuals had substantial Native American ancestry. Our data thus suggest that the Native American ancestry in contemporary Easter Islanders was not present on the island prior to European contact and may thus be due to events in more recent history.
RESULTS

Ancient Samples and Sequencing
Rapa Nui (Easter Island) plays a central role in the debate about pre-European contact between Polynesians and Native Americans due to its comparatively close geographic proximity to South America [3, 6, 7, 9] . The feasibility of early sea voyages from South America to Polynesia [9] and from Polynesia to South America [10] has been firmly demonstrated. However, discovery of sweet potatoes-a South American crop-in Polynesia circa 1000 CE long remained the key evidence for this possible contact [11, 12] . Early genetic studies of contemporary [2, 13, 14] and ancient Polynesians [4, 15] did not detect Native American ancestry, but more recent genomic investigations have shown that contemporary indigenous Easter Islanders share human leukocyte antigen (HLA) complex alleles with Native South American populations [5, 8] . However, because of their functional nature, HLA markers are not suitable to examine population history. A recent study analyzing genome-wide single-nucleotide polymorphisms (SNPs) in contemporary Rapanui identified an average of 6% Native American ancestry [6] . Statistical modeling of the length of chromosomal segments exhibiting Native American ancestry as well as variance between individuals signals an admixture event most likely occurring between 1280 and 1425 CE [6]-hence prior to European contact in Polynesia. Although two previous mitochondrial DNA (mtDNA) studies of pre-colonial individuals from Rapa Nui have identified only Polynesian haplotypes [4, 16] , a small proportion of Native American ancestry is not necessarily detectable with mtDNA analysis depending on the scale and timing of the admixture. Moreover, mtDNA analysis would generally not allow detection of male-mediated genetic admixture.
To explore the genomic history of Rapa Nui, and to explicitly test the hypothesis of pre-European gene flow from South America, we conducted an ancient DNA analysis based on genomewide autosomal and mitochondrial DNA markers from ribs of seven candidate human individuals pre-and post-dating the historic first European contact with the Rapanui in 1722 CE. These samples originate from 1986-1988 archaeological investigations at Ahu Nau Nau, Anakena (Figure 1 ), including three radiocarbon-dated rib samples [17] . Taking seafood consumption into account to correct for marine reservoir effects, samples RN035 and RN036 yielded calibrated radiocarbon dates ranging from 1445 to 1624 CE (95.4% confidence; Table 1 ) [17] . The archaeological context places RN041 in the same age range, while the third dated sample, RN037, and associated individual RN039 date to a later, post-European period (1815-1945 CE, 95.4% confidence), most likely representing a more recent disturbance [17] .
DNA was extracted from sternal rib fragments. Doublestranded partially uracil-DNA-glycosylase (UDG)-treated sequencing libraries [18] generated from the extracts yielded low amounts of endogenous DNA, ranging from 0.02% to 0.5%, for samples RN035, RN036, RN037, RN039, and RN041. To increase the endogenous DNA yield, we conducted targeted whole-genome enrichment (WGE) through hybridization capture (STAR Methods). The yield increased by more than 103 for some samples (1.5%-11% endogenous), but the molecular complexity of the libraries decreased significantly (Table S1 ). All libraries were sequenced to between 0.001-and 0.004-fold coverage using Illumina sequencing technology (Table 1) , largely exhausting the preserved unique endogenous molecules in the libraries (Table S1 ). We were able to obtain complete mitochondrial genomes from five of seven individuals at 163 to 333 average coverage, as well as up to $36,000 autosomal SNPs overlapping with population genomic reference datasets (Table 1 ). All samples had degradation patterns at terminal CpG dinucleotides consistent with ancient DNA $100-600 years old from a tropical environment [19] , with rates of C-to-T transitions at the terminus exceeding 11% for all individuals (Tables 1  and S3 ). The samples also exhibited low mitochondrial contamination estimates of 0.004%-0.78% (Table 1 ; STAR Methods), except for RN037 ($9%). Molecular sex assessment revealed that all tested samples are male, except for RN037, for which we could not obtain enough gonosomal sequence reads (Table 1) .
Mitochondrial DNA All five recovered mitochondrial genomes exhibit polymorphisms that characterize the so-called ''Polynesian motif'' (A14022G, T16217C, A16247G, and C16261T) found widespread across contemporary Polynesians [13, 14, 20] . More precisely, following the Phylotree Build 17 nomenclature [21] , RN035 and RN039 can be classified as belonging to haplogroup B4a1a1, wheras RN036, RN037, and RN041 can be determined as B4a1a1m1, characterized by the A1692G polymorphism [22] (see Table S2 ). The latter haplogroup has been described for eastern Polynesia [13, 14] .
Autosomal DNA
To investigate population affinities of the Rapanui samples with modern and ancient Oceanian and global populations, we first compared them to the full Human Origins (HO) population reference dataset [15, 21, 23] , including the genomes of two Botocudo individuals of un-admixed Polynesian ancestry [24, 25] . We obtained a maximum overlap of $2,400 SNPs between the five Rapanui samples and the $600,000 SNPs of the HO reference dataset (Table 1) . Principal-component analysis (PCA) shows that all five ancient Rapanui individuals fall within the genomic variation found in contemporary Polynesians and the two Botocudos ( Figure S1 ). Outgroup f 3 statistics of the form f 3 (Yoruba; RapaNui_preContact, X), which quantify the amount of shared genetic drift between the pre-European-contact Rapanui individuals (RN035, RN036, and RN041 together) and X-a modern or ancient population-since they diverged from an African outgroup, confirm the affinity of the ancient Rapanui individuals with Polynesian populations (Figure 1 ). The highest amount of shared drift with the pre-European-contact Rapanui is observed for the Botocudo individuals of Polynesian ancestry (f 3 = 0.22, SE = 0.0158, Z = 13.921; Data S1) and populations from Polynesia ( Figure 1 ).
Aiming to increase statistical power, we merged our ancient Rapanui data with (1) the 300 high-coverage genomes of the Simons Genome Diversity Project (SGDP) [26] , (2) the Affymetrix Human SNP Array 6.0 data of eight contemporary Rapanui individuals [6], and (3) the genomes of the Botocudo individuals [24] . We used the default filters for the SGDP dataset [26] including only dinucleotide transversion SNPs to avoid potential biases from post-mortem damage that affect transitions (STAR Methods). For 318,950 such sites, we had data for at least one ancient or contemporary Rapanui individual, with overlap for the ancient individuals ranging from $35,000 SNPs (RN035) to $4,000 SNPs (RN037), respectively ( Table 1 ).
We performed model-based clustering analysis using the maximum-likelihood approach implemented in ADMIXTURE [27] , assuming 2-10 ancestral populations (K = 2-10). The lowest cross-validation (CV) error was found for the model with 6 modeled clusters or ancestral populations (K = 6). This revealed $80% Asian and $20% Papuan ancestry for all three pre-European Rapanui individuals, similar to contemporary Polynesians and the Botocudo individuals [2, 15] (Figures 2 and S3 ). Despite the low SNP coverage, the root-mean-squared error (RMSE) per cluster and k value was low for the individuals with more than 10,000 overlapping SNPs (RN035, RN041; RMSE % 0.05), consistent with other reports [27, 28] , and RMSE for RN036 with $8,300 SNPs remained in the acceptable range (Table1; Figure S2A ).
One of the two post-European-contact samples (RN039) exhibited an $20% European ancestry signal (SE = 0.0996), similar to European admixture proportions previously reported in contemporary Easter Islanders [6] . The contamination estimates for this sample were low, and damage patterns reflected expectations for ancient DNA (Table 1) . Notably, the other post-European-contact sample (RN037) did not show any European genomic admixture.
Testing for Native American Admixture
We used the ancestry proportions inferred from our ADMIXTURE analyses, and the standard errors (SEs) obtained by running 1,000 bootstrap replicates, to calculate the 95% confidence interval (CI), and we used its upper limit to assess the maximum Native American ancestry that is consistent with the data. For all K above 4 (when the distinct Native American cluster appears) and below 8 (when the distinct Polynesian cluster appears), the point estimates of Native American ancestry ranged between 0.0 and 0.00001 for all five ancient Rapanui samples. The SEs ranged between 0.007 and 0.02, suggesting that the 95% CI for Native American ancestry is 0%-1% for the individual with the highest statistical power and 0%-3.3% for the individuals with the lowest power ( Table 2 ). In contrast, for contemporary Rapanui individuals described elsewhere [6], our analysis revealed an average Native American ancestry component of $5% (95% CI upper limit range: 5.6%-9.2% across individuals) for K = 6 (Table 2) , replicating the $6% reported by MorenoMayar et al. [6] . Thus, the maximum possible Native American ancestry consistent with the data from the ancient Rapanui individuals is significantly lower than the Native American ancestry observed in the contemporary Rapanui samples. Our data therefore allow rejection of the previously suggested hypothesis that Native American genetic ancestry was homogeneous in Rapa Nui prior to European contact. In addition, in an experiment randomly drawing European individuals from France, England, and Norway from the SGDP dataset, we obtained upper 95% confidence limits of Native American ancestry up to 4% (Table 2) . This supports the notion that the upper 95% confidence limit of 3.3% Native American ancestry we estimated for the ancient Rapanui samples reflects statistical uncertainty common in this type of analysis.
To further test whether the low number of SNPs available for the ancient Rapanui samples impacts the ability to detect Native American ancestry, we randomly downsampled the contemporary Rapa Nui data to SNP numbers ranging from 25,000 to 500 by randomly drawing one allele for heterozygous SNPs to mimic the data quality of our ancient DNA analysis. Rerunning ADMIXTURE for K = 6 for each downsampled dataset, we were able to detect the 6% Native American ancestry observed by Moreno-Mayar et al. [6] for these samples with as few as 500 SNPs ( Figure S2B ), with a 95% CI ranging from 3%-7% (25,000 SNPs; Table 2 ) to 0%-17% (500 SNPs). Although the ascertainment of the Affymetrix 6.0 SNPs is different from the SNPs obtained between the 300 SGDP individuals, this test suggests that the number of SNPs available in the ancient Rapanui samples would allow detection of Native American admixture if present.
Additionally, we used D statistics [29] -providing a formal test of a tree-like population history that can detect deviations caused by admixture-of the form D(Atayal, X; Botocudo, RapaNui_pre) and D(Han, X; Botocudo, RapaNui_pre), with X being one of 14 North to South American populations represented in the SGDP dataset (Data S1, Sheets 2-5). None of the comparisons produces a Z score > 2, indicating no evidence for admixture between Native American and the ancient Rapanui [30] . Using the probabilistic model of population splits and divergence implemented in TreeMix [31] , we detected a signal of Native American gene flow into the contemporary Rapanui individuals, but not into either the ancient Rapanui or the Botocudo individuals when allowing three or more migration events ( Figure S4 ).
DISCUSSION
Here we present, to our knowledge, the first genome-wide data from ancient Rapanui that allow direct testing of the timing of Native American admixture observed in Rapanui today. While some previous genetic studies of contemporary indigenous inhabitants of Rapa Nui concluded that Native American admixture occurred prior to European contact [5, 6, 8] , none of our autosomal DNA (aDNA) analyses of pre-or post-European-contact Rapanui individuals detected Native American ancestry.
Although the genomic data we obtained are limited due to unfavorable DNA preservation, the data are statistically well-powered to confirm that all ancient Rapanui samples analyzed here fall into the genomic variation found within ancient and modern Polynesians [2, 15] [1, [32] [33] [34] . These ships often carried crews of mixed Native American and European ancestry [1, 32, 33] who could have remained on Rapa Nui, as is documented for at least one case in 1863 [35] . When Peru was pressured to repatriate its few remaining enslaved Polynesians in 1884, the only 15 individuals who survived the voyage were returned to Rapa Nui, irrespective of their previous origin [35] . Following this repatriation, an epidemic is thought to have inflicted mass mortality on an already weakened population, leaving only $100 survivors [33] [34] [35] . Many of these survivors left for Mangareva and Tahiti in the 1870s and 1880s before eventually returning. It is likely that these demographic disruptions introduced ancestry on the island that was not present in the preEuropean-contact population. The change in the island's ethnic composition, with an influx of foreign Polynesians, was noted by William J. Thomson in 1886 [36] . This is supported by higher than expected diversity of Polynesian Y chromosome lineages in the Rapa Nui gene pool when compared to other Eastern Polynesian islands [33] .
The arrival of already admixed individuals with partial Native American ancestry in the late 18 th and 19 th century could be consistent with the relatively old admixture data estimated by Moreno-Mayar et al. [6] . Additionally, the bottleneck experienced by the island's population could have resulted in a homogeneous proportion of 5%-6% Native American ancestry today. The post-European-contact ancient DNA sample RN039 dating to 1815-1945 CE, which did not exhibit any Native American ancestry but exhibited significant European ancestry, could support this postulated post-European-contact population structure. It is also possible that Native American ancestry was already widespread on Rapa Nui by 1815-1945 CE but that this is not seen in RN039 due to this individual being a recent migrant from another Polynesian island. The other unadmixed and putatively post-European-contact sample, RN037, is not directly dated. Further resolution of the timing of admixture between Native Americans and the ancestors of present-day Easter Islanders will require future studies using dense time series of ancient genomes analyzed from Rapa Nui and South America.
STAR+METHODS
Detailed methods are provided in the online version of this paper and include the following: 
CONTACT FOR REAGENT AND RESOURCE SHARING
Further information and requests for reagents may be directed to and will be fulfilled by the Lead Contact, Lars Fehren-Schmitz (lfehrens@ucsc.edu).
EXPERIMENTAL MODEL AND SUBJECT DETAILS Ancient Rapanui samples
We obtained bone samples from seven individuals buried at Ahu Nau Nau originating from the 1986-88 archaeological investigations at Anakena (Figure 1) , carried out as a collaboration between the Kon-Tiki Museum (Oslo) and the Museo Antropologico P. Sebastian Englert (Rapa Nui). All human bone was sampled as rib fragments from adult individuals, with no further information about age or sex available. These securely provenanced samples were collected by C.L.J. as part of a stable isotope study (University of Bristol and University of Hawai'i) [17] . Small pieces of sternal rib that remained from these investigations were transferred to the University of California Paleogenomics Lab, Santa Cruz (UC_PL) to avoid unnecessary sampling of further material and to maximize the information available from each sample. Three samples of human bone from the current study (RN035, RN036, and RN037) were submitted for 14 C AMS dating at the Center for Applied Isotope Studies at the University of Georgia as described in Jarman et al. [17] . The three dated bone samples, RN035, RN036, and RN037, yielded uncalibrated dates of 490 ± 25BP, 440 ± 25BP, and 110 ± 25BP respectively. As described in Jarman et al. [17] the radiocarbon dates were calibrated after correcting for marine reservoir effects on the basis of estimated fractions of seafood in each individual's diet as determined from nitrogen and carbon isotope analyses of collagen and individual amino acids isolated from the collagen [17] . A local reservoir correction (DD) value of À83 ± 34 was used, following Commendador et al. [44] and the values available on the CHRONO database (http://calib.qub.ac.uk/marine). Results in Table 1 show the mixed marine/terrestrial calibrations. Samples RN035 and RN036 yielded calibrated radiocarbon dates consistent with charcoal 14 C dates for Ahu Nau Nau (Anakena). Contextual information places RN041 into the same age range, while the third dated sample RN037 and associated individual RN039, date to a considerably later period (1815-1945 CE, 95.4% confidence), most likely representing a more recent disturbance [17] .
METHOD DETAILS
DNA extraction
All pre-amplification DNA procedures were carried out in dedicated clean lab ancient DNA facilities at the University of California, Santa Cruz Paleogenomics Lab (UCSC-PL, USA). All laboratory tools used to process the samples were either sterile and disposable, or decontaminated with full strength bleach (6%) and exposed to UV light for 1h before use. To decontaminate the samples the small pieces of rib were emerged in full strength bleach for two minutes and then rinsed with ddH20 and 70% Ethanol. Each side of the sample was then exposed to UV light for 10 min, and left to dry. Subsequently the samples were pulverized using a ball mill (Retsch 400, Germany).
The samples were extracted following the protocol described in [45] , which optimizes the recovery of short DNA fragments from small quantities of bone powder. Because the samples derive from museum collections, we extended the protocol by including an initial buffer replacement as suggested in [37] as an additional prevention from potential external contaminations. From each sample, 50 mg of bone powder were incubated with 1 mL of an extraction buffer consisting of 0.45 M EDTA (pH 8.0) and 0.25 mg/ml of proteinase K for 30 minutes at 37 C. The samples were then centrifuged for three minutes and all supernatant discarded. After adding another 1 mL of extraction buffer, we continued lysis for 18h at 37 C under continuous rotation. After 18h, 1 mL of lysate was added to 13 mL of binding buffer (5M Guanidine hydrochloride (MW 95.53), 40% Isopropanol, 0.05% Tween-20, 9 mM Sodium Acetate) and transferred into an apparatus consisting of an extension reservoir (Zymo Research) fitted to a MinElute silica spin column (QIAGEN). The binding apparatus was placed into a 50 mL falcon tube and centrifuged at 1000-1500 rpm. As the sample-containing binding buffer passes through the MinElute column during centrifugation, its silica-based membrane will retain the DNA molecules. This filter is washed twice by adding 700 mL of PE buffer (QIAGEN). Finally, the filters are dried by centrifugation and the DNA molecules are eluted in a total of 50 mL of TET buffer (1 M Tris-HCL, pH 8.0, 0.5 M EDTA, 10% Tween-20). The elution buffer was heated to 56 C for the elution process. The extraction experiments included two negative controls.
Library preparation and whole-genome enrichment We prepared sequencing libraries for all extracts, including the extraction blanks, employing a protocol that partially treats the DNA with UDG to drive down the rate of ancient DNA errors while preserving a damage signal at the terminal bases of the molecules, as described by [18] , thereby allowing us to identify characteristic traits of ancient DNA for authentication purposes.
For each sample we used 20 mL of DNA extract in 60 mL blunt-end reactions with an initial USER enzyme treatment (NEB). The first part of the reaction (the partial UDG treatment, 52.2 mL total) consisted of 6 mL 10 3 buffer Tango, 0.24 mL 25 mM dNTP mix, 0.6 mL 100 mM ATP (all reagents from Thermo Scientific Fermentas Molecular Biology Solutions), and 3.6 mL USER enzyme mix (1 U mlÀ1, NEB). During the 30 min incubation period at 37 C, most deaminated cytosines were excised by UDG and abasic sites were cut by Endo VIII. Next, 3.6 mL of UGI (2 U ml, UDG inhibitor, NEB) was added and incubated for 30 min at 37 C, after which 3 mL T4 polynucleotide kinase and 1.2 mL T4 DNA polymerase were added, and the final 60 mL was incubated for 15 min at 25 C, followed by 5 min at 12 C. Purification of the blunt-end reactions followed on MinElute columns (QIAGEN), with a final elution in 16 mL of EB buffer. Subsequently, 1 mL of each of a barcoded (7bp unique for each sample), partially double-stranded P5 and P7 Illumina adapters (10 mM) were added to the blunted DNA and mixed before adding the ligation mix to bring adapters and DNA into close proximity (final concentration 0.25 mM for each barcoded adaptor). The concentrations in the 40 mL final ligation reactions were as follows: 1 3 T4 DNA ligase buffer, 5% PEG-4000, 5 U T4 DNA ligase (all reagents from Thermo Scientific Fermentas Molecular Biology Solutions, Waltham, MA). Incubation followed for 30 min at room temperature. MinElute purification was performed by adding 200 mL buffer PB to each finished ligation reaction, washing with PE buffer twice, and eluting in 20 mL 10 mM Tris-HCl.
The fill-in reaction was performed in a final volume of 40 mL with 1 3 ThermoPol buffer (New England Biolabs (NEB), Ipswich, MA), 250 mM each dNTP (Thermo Scientific Fermentas Molecular Biology Solutions) and 16 U Bst polymerase, large fragment (NEB) and incubated at 37 C for 20 min followed by a heat-inactivation at 80 C for 20 min.The entire 40 mL heat-inactivated fill-in reaction was C for 5 min. Following PCR, the product was cleaned up with the MinElute PCR purification kit and eluted in 50 mL 1 3 TTE buffer. The amplified libraries were quantified on a TapeStation 2200 using a High Sensitivity D1000 tape (Agilent).
To finalize the libraries with truncated adapters we performed an indexing PCR using 10 mL of library as template for each reaction and the primers IS4 (5 0 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTT-3 0 ) and P7 indexing (5 0 -CAAG CAGAAGACGGCATACGAGATxxxxxxxGTGACTGGAGTTCAGACGTGT-3 0 ) where the x represent an unique 7 bp barcode described in [46] . Amplifications were performed with 1 mL Herculase II Fusion DNA Polymerase (Agilent Technologies) in 50 mL reactions consisting of 1 3 Herculase II reaction buffer, 400 nM each primer and 250 mM each dNTP using 1 mL of a 20-fold dilution of the 'short' library for 20 cycles (95 C for 2 min, 20 cycles at 95 C for 30 s, 58 C for 30 s, 72 C for 30 s, final extension 72 C for 10 min). MinElute purification was performed by adding 250 mL PB, followed by two PE-washes, and DNA was eluted in 15 mL 1 3 TE (with 0.05% Tween-20). Subsequently, libraries were quantified on the TapeStation again. The preservation and endogenous DNA content of the libraries was then tested by sequencing on an Illumina MiSeq platform at UC_PL (UCSC Paleogenomics Labs), using 2x75 bp paired end sequencing.
Because we observed overall low endogenous content of DNA in our samples, we performed whole genome in-solution enrichment for samples RN035, 036, 037, 039, and 041 using the MYbait Human Whole Genome Capture Kit from MYcroarray (Ann Arbor, MI) using the pre-indexed, barcoded libraries. The libraries were captured following the manufacturer's instructions (http://www. mycroarray.com/pdf/MYbaits-manual-v3.pdf). The captured libraries were amplified for 20 cycles with IS4 and indexed P7 primers as described above. Subsequently, libraries were purified with AMPure XP beads and quantified by 2200 TapeStation (Agilent Technologies).
Both the shotgun and enriched libraries were then sequenced on two lanes of a Illumina HiSeq 4000 sequencer at the UC San Diego sequencing facility. With two lanes of paired end (2x75 bp) data, we exhausted the unique molecules preserved in the libraries. Sequencing statistics can be found in Tables 1 and S1 .
QUANTIFICATION AND STATISTIC ANALYSES
Processing of the NGS sequencing data The Illumina software Casava 1.8.2 processes the MiSeq/HiSeq sequencing images (.bcl files) by performing image analysis, base calling, .bcl conversion and demultiplexing -whereby the samples are identified by the unique index sequences (default = 0 mismatches) that were ligated to the template during library preparation. Using an in-house script, forward (R1) and reverse (R2) reads were further sorted by identifying the correct internal barcodes and discarding those without, allowing up to one mismatch. The software SeqPrep2 (https://github.com/jstjohn/SeqPrep) trimmed the adapters and merged the R1and R2 reads. Default parameters were used for minimum base pair overlap to merge the forward and reverse reads (-o 15) with a quality score cutoff (-q 13) for mismatches to be counted in an overlap. The minimum length allowed for a merged read was set to 30 bp. Reads containing lowcomplexity regions, defined as stretches of nucleotides with little information content, were filtered by the program PrinSeq [38] , using the DUST algorithm (t À12). The low-complexity-filtered, merged reads that passed all quality filters were mapped to the human reference genome using the software Burrows-Wheeler Aligner (BWA) version 0.7.5a-r405 [47] , with default parameters and seed option disabled (-l 1024). We used hg19 (GRCh37 build) as reference genome, excluding the mitochondrial contigs. Mitochodrial reads were mapped to the revised Cambridge Reference Sequence (rCRS, NC_012920; [40] ) employing the same BWA parameters.
Clonal sequences were removed using the rmDup function implemented in SAMtools [48] and indels were realigned using the tools RealignerTargetCreator and IndelRealigner from GATK-3.0-0 [49] . The resulting bam files were filtered for a minimum mapping quality of 30 using SAMtools À0.1.19. Finally, the tool GenomeAnalysisTK.jar from GATK-3.0-0 was used to calculate the depth of coverage of the bam files. All sequencing statistics are summarized in Table S3 .
DNA authenticity
We included negative controls during the wet lab stages and sequenced them together with the samples in the MiSeq screening run. A total of four blanks -two extraction blanks and two library blanks -were sequenced. Furthermore, for each sample we analyzed patterns of molecular damage and presence of contaminants as explained below.
Ancient DNA molecules exhibit specific characteristics like short read lengths and specific nucleotide misincorporations due to post-mortem damage that can be used in part to verify the authenticity of ancient DNA molecules [19, 39, 41] . Because our libraries were partially UDG treated, most of damage accumulating at the ends of the molecules, except at the terminal bases, was repaired. However, terminal CpG dinucleotides are unaffected by the UDG treatment when methylated [18, 50] . We estimated patterns of DNA damage using PMDtools [50] and observed that damage for all samples exceeded 11% as to be expected for ancient DNA samples [18] . The distribution of read lengths, as calculated by MapDamage2 [39] , show that the shotgun libraries range between 39-49 bp, while the fragments sequenced from the WGS captured libraries are slightly longer ranging from 61-69 bp (see Table S3 ). ADMIXTURE is to perform the block bootstrap over approximately 10 cM blocks [27] ) to calculate the 95% confidence interval, as 2 times the standard error, as an estimate of the maximum undetected Native American ancestry.
To further test if our observed lack of Native American ancestry in the historic samples is affected by the low-coverage we randomly downsampled the modern Rapa Nui SNP data in several increments ranging from to 25,000-500 SNPs to mimic the low number of reference dataset sites overlapped by each ancient DNA sample, and the per-site single coverage (randomly select one allele per SNP). We then repeated the model-based clustering analysis for K = 6 using ADMIXTURE for each down sampled dataset (stepwise from 25K to 500 SNPs) and obtained standard errors to calculate the 95% confidence interval using the same parameters described above.
Using the SGDP reference dataset we calculated D statistics [29] of the form D(Yoruba, X; Ami, RapaNui_pre), D(Yoruba, X; Han, RapaNui_pre), as well as D(Atayal, X; Botocudo, RapaNui_pre), and D(Han, X; Botocudo, RapaNui_pre) using the qpDstat function of ADMIXTOOLS [30] , X being one of 14 North to South American populations represented in the SGDP set. Results can be found in Data S1, sheets 2-5.
We applied TreeMix [31] to a reduced set of the SGDP reference data including the 'Botocudo' and modern Rapanui individuals to infer maximum likelihood trees and admixture graphs. We root the graphs with Yoruba, disabled sample size correction (-noss), performed a round of global realignments of the graph (-global), and computed standard error of migration weights (-se). We considered up to five migration edges and kept for each edge the graph with the highest log-likelihood among ten replicate runs ( Figure S4 ).
DATA AND SOFTWARE AVAILABILITY
BAM files for the ancient Rapanui individuals have been deposited in European Nucleotide Archive under the study accession number ENA: PRJEB22217. Mitochondrial consensus sequences are available at the National Center for Biotechnology Information under the accession numbers NCBI: MF681702, MF681703, MF681704, MF681705, MF681706.
